Introduction
A large and increasing body of economic literature has analyzed educational processes from a theoretical and an empirical point of view, trying to understand the role played by a number of factors, such as class-size, teacher abilities, peer group quality and parents' background in the determination of students outcomes.
Recently some works have tried to investigate the effects produced on student performance by teaching and evaluation practices. An important issue concerning this topic regards the optimal number of examinations, that is, whether it is better to test students more or less frequently, assigning them a smaller or a larger workload. On the one hand, when examinations are frequent and focused on a small number of issues students may find it easier to organize their work, with a positive effect on their learning process. In addition, students used to procrastinate their effort may end up studying more if there are more frequent deadlines.
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know if their study effort has been appropriate and to become aware of their areas of strength and weakness. In fact, students may need a tangible way to measure their progress during a class.
On the other hand, when testing is too recurrent, students may not have enough time to deepen their knowledge and to understand the relationships among the range of concepts covered in a given subject. Moreover, they may be exposed to an excessive amount of stress.
The effects of test frequency and feedback provision on student achievement have been mainly investigated from a pedagogical and psychological point of view. Tuckman (1997) , Deck (1998), Hattie and Timperley (2007) , among others, show that more frequent testing produce positive effects on student performance. Ariely and Wertenbroch (2002) analyze the use of deadlines as a commitment device. According to their analysis, based on a sample of students enrolled at a MIT class, people have self-control problems and to avoid them choose costly deadlines that seem to improve their academic performance.
The economic literature has instead scarcely investigated this issue. Most of the existing literature examines feedback provision as an organizational design problem. In relative performance evaluations, for example, organizations decide whether to inform their employees about their relative standing at intermediate stages of the competition. In principle, information provision has ambiguous effects: performance might improve when workers who are obtaining a bad performance decide to work harder and try to avoid failure and when workers who are doing well become even more enthusiastic; on the other hand, performance tends to worsen when informed underdog become discouraged and workers getting a good performance, knowing that they are well ahead of the other colleagues, decide to shirk. These aspects have been analyzed from a theoretical point of view by a number of recent papers showing that feedback on past performance can affect current performance either directly -if past and current performances are substitutes or complements in the agent's utility function -or indirectly, by revealing information on the marginal return to current effort (Lizzeri et al., 2002; Ederer, 2004; Perry, 2006; Yildirim, 2005; Aoyagi, 2010) .
Empirical investigations trying to shed light on these effects are scant and lead to ambiguous results. Erikkson et al. (2008) show, through a laboratory experiment, that feedback on relative performance, regardless of the pay scheme used, does not improve performance. Instead, Freeman and Gelber (2010) find that individual performance improves when tournament participants are informed about their own and their competitors' past results.
Some works have tried to investigate these issues focusing on educational contexts. Bandiera et al. (2008) study the effect of providing university students with interim feedback information regarding their own performance. The authors show a positive and statistically significant effect of feedback provision on student final performance. In a similar vein, Azmat and Iriberri (2010) , considering high school students in Spain, investigate the effect of informing students on whether they were performing above or below the class average. It emerges that students receiving this type of information obtain better grades.
In this paper we contribute to this emerging literature analyzing the effect of test frequency and feedback provision on a sample of Italian university students. Currently, in Italy University classes are typically organized in long modules offering about 60-80 hours of teaching activities. At the end of each class students take an exam and usually no intermediate assessment of student knowledge is undertaken. This organization is the result of the introduction of some new university rules, which have imposed a limit to the maximum number of exams needed to gain a First Level Degree. Before this change, teaching activity was organized in short modules (30-40 hours of teaching activity) and assessment was undertaken at the end of each module. The limit of a maximum number of exams introduced by the new law has forced Universities to reorganize their academic curricula and to unify short modules. The effects of this change have not been investigated yet. Nevertheless, if frequent examinations encourage students to study more and allow them to receive useful feedback then perhaps it would be worthwhile to put additional effort in trying to identify the optimal number of exams and to improve teaching organization.
To investigate the effects of test frequency and interim feedback on student performance we have conducted a randomized field experiment involving 344 undergraduate students enrolled at a middle sized Italian public University and attending an introductory economics class. Students participating at the experiment were randomly assigned to a control group and to a treatment group.
Students in the treatment group were allowed to undertake an intermediate examination, while students in the control group were permitted to undertake exclusively the final examination at the end of the course program (as established by the University rules).
We firstly investigate "intention-to-treat" effects, considering as treated all the students assigned to the treatment group by the random procedure. It emerges that students in the treatment group perform significantly better than students in the control group in terms of probability of passing exams and of grades obtained. Subsequently, we investigate the impact of the effective participation to the treatment, using as an instrument the random assignment to the groups: adjusting the "intention-totreat" effect for non-compliance leads to a stronger and highly significant effect of intermediate examination on student performance.
As the treatment effect can be seen as the combined result of a "feedback provision" effect and a "workload division or commitment" effect, we propose a framework to disentangle them. We find that the estimated effect is due exclusively to the "workload division or commitment" effect, while the feedback provision has no positive impact on performance.
Finally, we show that the improvement detected in the performance of treated students is not the result of a substitution effect. As a matter of fact, treated students did not obtain a worse performance in non targeted examinations compared to students in the control group.
The paper is organized as follows. In section 2 the design of the experiment is explained and some information on the Italian University system are provided. Section 3 shows the effects of examination frequency and feedback provision on the probability of passing exams and on grades obtained by students. In Section 4, using an IV strategy, we investigate the treatment effects on students who have effectively undertaken the intermediate examination. In Section 5 we disentangle feedback effects from workload division or commitment effects. Section 6 investigates the existence of substitution effects. Section 7 concludes.
Experiment Description and Data
The experiment we conducted has involved 344 students enrolled at the Microeconomics and At the University of Calabria the "DM 270" has led to a reorganization of the academic curriculum in order to reduce the number of exams students had to undertake. In particular, some classes, such as Macroeconomics and Microeconomics, initially split in two modules were unified in a single class (10 credits) and students were required to undertake a unique exam.
One of the ideas behind the "DM 270" was to give students more time to prepare for exams and avoid them the stress deriving from sitting for a large number of examinations. However, as explained above, reducing the number of exams might also produce some negative effects on student performance.
By comparing the average performance of students enrolled at the BA Degree, immediately before and after the introduction of "DM 270", it emerges a drop in the number of credits acquired by 32.4 credits. However, these figures might be driven by temporal trends and unobserved changes in student and instructors' characteristics. Then, in order to try to shed light on this issue, we have decided to undertake the experiment described in this paper.
At the beginning of the Microeconomics and Macroeconomics classes (in March 2010) students were informed of the experiment both through presentations during the teaching hours and through a letter, sent to all students, explaining the format of the experiment.
We asked students to register for joining the experiment. We did not consider in the experiment the small fraction (around 10%) of students who did not register. Following this procedure the 344 students were allocated to 48 non null groups. Within each group, one half of students was randomly assigned to the treatment group -allowed to take the intermediate exam -and the other half was assigned to the control group, which could take a unique exam at the end of the class, without an intermediate exam. 2 We ended up with 172 students assigned to the treatment group, and 172 to the control group.
The random assignment procedure was carried out at the presence of students. They were also
informed by e-mail of their assignment status and the list of students belonging to the treatment and control group was published on the classes' web-pages.
The Microeconomics and Macroeconomics classes were taught to students enrolled, Teaching activities re-started in the mid of May and lasted for other 30 hours (+10 hours of laboratory), until the end of June. In July students in the treatment group were required to complete their examination by taking an exam covering exclusively the second part of the teaching program (respectively, Microeconomics-2 and Macroeconomics-2), consisting in 30 multiple choice questions (in one hour). The final grade obtained by these students was given by the average of the grades earned at the first and at the second part of the exam.
Students in the control group have, instead, undertaken the exam covering the whole course program (the first plus the second part). This exam was held in July and has consisted in 30+30 multiple choice questions. These students had the double of time allowed to students in the treatment groups to complete the entire examination (two hours broken by an interval of 30 minutes).
As regards the first module, since each exam question was randomly selected from a large test-bank, the exam for treated students can be considered equivalent to the exam for students in the control group. The second module was identical for treated and control students.
We had a number of non-complier students: 22 treated students never shown ( In this first part of our analysis we focus on "intention-to-treat" effects, considering as treated all the 172 students randomly selected. In sections 4 and 5 we proceed both by using an instrumental variable strategy and by defining a more restricted sample of students.
We measure student performance considering both the probability of passing the target examinations and the grades obtained. In the Italian system, passing grades range from 18 to "30 cum laude", which we consider equal to 31. We observe both grades in passed examinations (18-31) and in failed examinations. Only exams undertaken until the 31 st of July 2010 were taken into account in determining student performance. Table 1 provides descriptive statistics for our sample of students. About 61% of students were female. 44% of students attended the Macroeconomics class while 56% attended Microeconomics.
High School Grade ranged from 60 (the minimum passing grade) to 100 (the maximum grade), with a mean of 88.8. Students mainly came from Technical Schools (45%) and Lyceums (about 42%). As an additional measure of student ability we have considered the number of credits acquired by students until the beginning of the experiment, Credits, and to make comparable the two cohorts of students involved in the experiment we have divided the number of credits by the number of exam sessions they had available (1 for first year students and 3 for second year students). The average number of credits acquired in a semester was 14.24. About 55% of students came from the same province (NUTS-3) where the University is located. 14% of sample students did not enroll at University immediately after High School graduation, but a year or more later (Late Enrollment).
At the end of exam session, 35% of students passed the exams considered in this experiment.
The average grade (ranging from 1 to 31 is 15.4). The average grade for students passing the exams was 22.6. In the first two columns of Table 2 are reported, by treatment groups, means for a number of individual characteristics. In the third column we report differences in means between treatment and control groups (standard errors are reported in parentheses). Results show that the randomization has been successful in creating comparable treatment and control groups along the observable characteristics: there are no significant differences by treatment status in class, gender, number of credits acquired, High School Grade, type of High School attended, Late Enrollment and place of residence. 
Treatment Effects on Student Achievement
In this Section we analyze the effects of treatment both on the student probability of passing examinations and on grades obtained. We focus on "intention-to-treat" effects considering as treated all students randomly assigned to the treated group.
The Effect of Treatment on the Probability of Passing the Exam
We use a probit model to estimate the probability of passing the examination targeted in the experiment (either Microeconomics or Macroeconomics):
Our dependent variable For each student we observe separately the outcome of the two modules composing each exam. However, in this section we have organized data at student level taking as a measure of student performance the average outcome at the two modules. This implies that we consider the exam as passed when the average grade obtained by the student is equal or higher than 18.
The coefficient on Treatment captures the "intention-to treat" effects on student performance (with respect to the control group). Estimates are reported in Table 3 . In all the specifications, standard errors are robust to heteroskedasticity.
In column 1 we regress i Pass on the Treatment and Macroeconomics dummies, without other controls. It emerges that students in the treatment group have a probability of about 15 percentage points higher to pass the exam. The coefficient is significant at the 1 percent level. In column 2 we control for individual characteristics: the probability of passing the exam increases by 20 percentage points for students in the treatment group.
In columns 3 and 4 we run separate regressions for the Macroeconomics and Microeconomics classes. The effect appears relevant for both classes. In columns 5 and 6, showing separately results for males and females, it seems that males react more than females to the treatment, but when we use an interaction term to test the statistical significance of this difference we are not able to reject the null hypothesis (results not reported).
As robustness checks we have also used a linear probability model. OLS estimates are very similar to the probit estimates presented in Table 3 and are not reported. Table reports marginal effects from probit estimates evaluated at the mean values of the explanatory variables in the sample. Robust standard errors are reported in parentheses. The symbols ***, **, * indicate that coefficients are statistically significant, respectively, at the 1, 5, and 10 percent level.
The effects of control variables are consistent with the findings emerging from the education literature. Both our measures of student predetermined ability, High School Grade and Credits, produce a positive and statistically significant effect on academic performance. Once we control for these measures of abilities neither the dummy Lyceum nor the dummy Technical Schools produce a significant effect. The dummy Female is not statistically significant. The probability of passing the Macroeconomics examination turns out to be lower than the probability of passing Microeconomics.
The Effect of Treatment on Grades
In this section we estimate the effect of the treatment on student grades. Our dependent variable is the grade obtained by student i at the exam. To take into account the fact that Grade is censored, since a number of students did not sit for the exam and we do not have information on their performance, we use a Tobit model expressing the observed outcome i Grade in terms of a latent variable
We set equal to zero the variable Grade for absent students. Table 4 reports Tobit estimates using the same specifications as in Table 3 (the lower limit has been set equal to 0 since the minimum grade observed is 1). In Panel A are reported the marginal effects of explanatory variables on the expected grade conditional on being uncensored, that is, given that the student has sit for the exam. In all the specifications it emerges that taking an intermediate exam has a positive and statistically significant impact on student achievement: the expected grade increases by about 5 points when controlling for individual characteristics.
On the basis of the Tobit estimations, we have also determined the marginal effect of treatment on the probability that a student will undertake the exam (that is, the effect on the probability that the grade is greater than 0). These effects are reported in Panel B of by the students and according to gender (columns 5 and 6). 
Heterogeneous Effects Across Students with Different Abilities
In this section we investigate whether the effect of treatment differs according to students' abilities. To divide students into a high ability and a low ability group, we have used three different measures of their skills: 1) the grades obtained at high school (High School Grade) ; 2) the number of credits gained by the beginning of the experiment (Credits); 3) their predicted performance (CompositeAbility).
To obtain the latter composite measure of student ability, we follow Angrist and Lavy (2009) and we first estimate a model for student performance considering exclusively students in the control group, using as explanatory variables individual characteristics such as gender, type of high school attended, high school grade. The estimated coefficients of this model are then used for predicting the performance of students in treated and control groups, on the basis of their effective characteristics.
In Table 5 are reported a number of probit estimates showing the effects of treatment on the probability of passing exams respectively on high and the low ability students. In column 1 we measure student ability considering Credits and to investigate whether there are heterogeneous effects we use the interaction variable Credits*Treatment, where Credits is demeaned. The coefficient on the interaction term is positive and statistically significant at the 10 percent level, suggesting that the positive impact of more frequent exams increases with student ability. To better describe this aspect we run separate regressions for students with ability above and 13 below the median according to the three measures of ability we have available. In columns 2 and 3 students are grouped according to the number of Credits, in columns 4 and 5 using the High School
Grade and in columns 6 and 7 we define the High and Low ability groups on the basis of their predicted performance, CompositeAbility. Changing the measure of student ability does not change the results: the effect of treatment on high ability students is always stronger, while the effect for low ability students is not significantly different from zero.
The same findings emerge also when we use as dependent variable the grades obtained at exams (estimates are not reported and available upon request).
Treatment effects on students effectively undertaking the intermediate exam: IV estimates
In the previous section we have analyzed "intention-to-treat" effects, since we have considered all students in the treatment group independently on their effective participation at the intermediate exam.
Therefore, the estimated effects are diluted by the fact that some treated students may actually not have undertaken the intermediate exam (see Angrist and Pischke, 2009; Bloom, 1984) . In both cases, to deal with the endogeneity problems related to the effective treatment, we adopt an instrumental variable strategy using as an instrument for the effective participation the randomly assigned treatment status (Treatment).
In Table 6 are reported Instrumental Variable estimates. In columns 1 and 2 we consider as dependent variable Pass, reporting the marginal effects of an IV-probit model. In column 1 we focus on "Effective Treatment 1" while in column 2 we deal with "Effective Treatment 2". In columns 3 and 4 the dependent variable is Grade. We report IV-tobit estimates (the marginal effects conditional on being uncensored) considering respectively "Effective Treatment 1" and "Effective Treatment 2".
In Panel (B) are reported first stage results where we show that the assigned treatment status is highly significant in predicting the effective treatment.
Results show that adjusting "intention-to-treat" effects for non-participation leads to a stronger impact of the treatment on student performance measured both as the probability of passing the exam and by the grade obtained. The increase in the effect is proportional to the reciprocal of the participation rate. Note. In the First Stage the dummy for the assigned treatment is used as an instrument for "Effective Treatment 1" and "Effective Treatment 2". Standard errors (reported in parentheses) are corrected for heteroskedasticity. The symbols ***, **, * indicate that coefficients are statistically significant, respectively, at the 1, 5, and 10 percent level.
Disentangling Feedback and Workload Division Effects
The positive impact of treatment on student performance emerging in previous estimates can be interpreted as the joint result of a feedback provision effect and the effects deriving from the workload division and commitment obtained defining more frequent deadlines.
In this section we propose a framework to try to disentangle the feedback provision effect from the other two effects. At this aim, instead of considering student performance on the whole examination, we have organized our data at student-module level to have information on the results obtained by students separately for the two modules of each examination (Microeconomics-1 and Microeconomics-2; Macroeconomics-1 and Macroeconomics-2).
We exploit the fact that treated students undertaking module 1 compared to control students undertaking the same module benefit exclusively from a workload division or commitment effect, while no feedback effect is at work. Then, comparing the performance of treated and control students at this module we are able to disentangle the workload/commitment effect. Instead, to isolate the feedback effect, we compare the difference in performance of treated students between the two modules. Treated students in both modules benefit of workload/commitment effects, but only for the second module they can obtain positive effects from feedback. Then, the difference in the performance obtained by these students at the two modules should reflect feedback provision, given that we are able to neutralize any eventual heterogeneity in the difficulty level of the first and second module by subtracting the difference in performance at the two modules obtained by control students.
Unfortunately, we are not able to distinguish the workload division effect from the commitment effect deriving from frequent deadlines since they overlap in each module.
Formally, we assume that student performance is determined as follows:
where ij Y is the performance of student i at module j, with j=1,2. The performance is affected by feedback provision, ij F , which is a dummy equal to 1 for students receiving feedback (that is, treated students undertaking the second module), workload division or commitment, i W , which is a dummy taking value of one for students undertaking the exam in two separated modules (treated students), a dummy for the second module, 2 D , measuring the relative difficulty of this module, and a vector i X of individual characteristics and a dummy for Macroeconomics. We expect that the workload/commitment has a positive effect on student performance, 0  W  , while according to the literature the feedback effect F  could be either positive or negative. In the Table below using eq. [3] we report the expected performance of treated and control students respectively at module 1 and 2. 
For example, the expected performance for treated students at module 2 is equal to
as these students have received feedback, have a reduced workload and are undertaking the second module.
To disentangle the feedback and the workload/commitment effect we consider the following equations:
which gives the "feedback effect"
which gives the "workload division/commitment effect" where we exploit the fact that the characteristics   i X of treated and control students are on average the same thanks to the random assignment to the two groups.
We base our analysis on a sub-sample of 166 students, excluding from the sample: students who did not sit for the examinations (108 students: 22 treated and 86 control); non complier students, that is, treated students who have shifted to the whole examination (43); students who have taken the intermediate examination but have not taken the second part (27). We exclude these students since for them it is not possible to clearly disentangle the feedback and the workload effects following the framework presented above.
We investigate the effects produced by feedback and workload/commitment both on the grades obtained by students and on their probability of passing the examinations. Since we are using two observations for each student, standard errors have been clustered at student level.
For the sample of students considered in this analysis we do not have censored observations and, as a consequence, we use an OLS model to analyze the effects of interest on Grade. Estimates are reported in columns (1) and (2) of Table 8 : in the first we do not control for individuals characteristics, which are instead included in the second specification. It emerges that the "workload/commitment" effects are positive and highly statistically significant. Students in the treated group obtain a grade higher of about 4 points (about 0.5 standard deviations of Grade). This effect can be interpreted both in relation to the splitting of class workload in two parts -which may help students at better organizing their studying activities -and in relation to the "no procrastination commitment" obtained thanks to the fact that students in the treatment group face more frequent deadlines that may induce them to not procrastinate effort.
On the other hand, the estimates show that the feedback effect is far from being statistically significant. Similar results are obtained also when we consider as dependent variable the dummy Pass using a probit model. As shown in columns (3) and (4), respectively with and without individual controls, workload/commitment increases the probability of passing the exam of 23.1 percentage points (significant at the 1 percent level) while the feedback effect is null.
The control variables show signs and coefficients similar to those discussed in the previous sections.
The feedback and workload division effects estimated in this section can be related to the whole treatment effect estimated in the previous sections using as a measure of student performance the average grade of module 1 and 2 (
). In fact, using equation [3] it is straightforward to show that the whole treatment effect is equal to:
Estimating by OLS the whole treatment effect (1 observation for each student) on the subsample of students considered to disentangle the two effects of interest, we obtain a coefficient of 4.14 (t-stat= 4.43), which corresponds to the coefficient on workload division (4.367) plus the coefficient (divided by 2) on feedback (-0.452/2). module-student level: 2 observations for each student. In columns 3 and 4 we report marginal effects. Robust standard errors, clustered at student level, are reported in parentheses. The symbols ***, **, * indicate that coefficients are statistically significant, respectively, at the 1, 5, and 10 percent level.
Are students substituting effort?
In this Section we investigate if treated students -thanks to the opportunity to undertake the intermediate examination -have provided more effort and achieved a better performance or whether they have focused on the targeted examinations devoting less effort in studying activities related to other examinations.
In order to evaluate this aspect we analyze student performance on all the examinations students have to pass in the academic year considered. We stack data with the aim to use student-class level observations and deal separately with students of the first year (those attending Microeconomics) and students of the second year (students attending Macroeconomics).
In the first year students have to pass 8 examinations:
5 we have for these students 1544
where the probability of passing each examination is related to individual characteristics X, a dummy Estimates are reported in Table 9 . In column 1 we report results considering first year students attending the Microeconomics class, while in column 2 are presented estimates for second year students attending the Macroeconomic class. The coefficients on Treatment are, as expected, in line with those shown in Table 3 (columns 3 and 4). On the other hand, we do not observe any significant difference among students in treated and control groups in the performance on non-target examinations. As shown at the foot of the Table, where Therefore, it seems that the improvement in student performance at the targeted examination is to be related to a higher student effort and is not driven by substitution effects. 
Concluding Remarks
Policymakers and researches often debate about students' performance and on policies that may help at boosting them. The improvement of students' performance is important both when considering primary and secondary education and when looking at tertiary education since skills acquired by undergraduate students are crucial for their success in the labor market. In addition, since in many countries, and particularly in Italy, tertiary education is characterized by high drop out rates and excessive duration of the academic career, the improvement of students performance may translate in a reduction of the number of students dropping out from university studies.
A widely investigated strategy to improve student performance is that based on educational resources, but a considerable impact may derive also from changes in the organization of teaching activities and in evaluation practices. Recently, a number of papers have shown that providing students with feedback information both on their interim performance that on the performance of their peers helps at increasing student results (Azmat and Iriberri, 2010, Bandiera et al. 2009 ). In this vein, the aim of our paper has been to investigate the effect of more frequent examinations allowing students to obtain a number of beneficial effects, deriving both from the provision of feedback and from the division of the class workload and the commitment allowed by recurrent deadlines.
To analyze these effects we have carried out a randomized experiment involving undergraduate students enrolled at an Italian University and attending two introductory economics classes. Students included in the treated group were allowed to undertake an intermediate exam and
were informed about the results obtained, while students in the control group were allowed to undertake exclusively the final examination at the end of the classes (as established by the University rules).
From our analysis it emerges that students undertaking the intermediate examination obtain a better performance both in terms of probability of passing the exam and of grades obtained. Treated students have a probability of 20 percentage points higher of passing the exam and their grades are 4-5 points higher. These positive effects are mainly concentrated among students endowed with higher abilities. The better performance obtained by treated students at the targeted examination seems not to be driven by substitution effects.
The design of our experiment allowed us to disentangle the effect deriving from more frequent examinations in a "feedback provision" effect and a "workload division or commitment" effect. Our estimates show that the positive impact of the intermediate examination is entirely due to the workload division or commitment effect, while it turns out that the feedback provision has no positive effect on performance.
According to our results the recent law that in Italy has reorganized classes in longer modules defining a maximum number of examinations may lead to an increase in the duration of students academic career.
